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ABSTRACT : It is crucial to remove trophectoderm (TE) cells of blastocysts for an efficient isolation of pluripotent embryonic stem
(ES)-like cells from bovine blastocysts. We evaluated the effectiveness of chemosurgery using caleium ionophore A23187 (CIPA) by
investigating the viability and pluripotency of ES-like cell lines isolated from in vitro-produced bovine blastocysts after CIPA treat-
ment. The blastocysts treated with 50 M CIPA for 25 min colonized most efficiently (51% of blastocysts) and developed to ES-like
cell lines through 10 passages (4.8% of blastocysts) among CIPA-treated groups with different concentration and duration. In com-
parison with CIPA-untreated blastocysts, the colonization rate and overall viability of the CIPA-treated blastocysts were five times
higher, suggesting that CIPA treatment condition defined in this study was highly efficient for establishing ES-like cell lines without
apparent toxicity of CIPA. We evaluated in vitro pluripotency of the established three ES-like cell lines by examining alkaline phos-
phatase (AP) activity, capability of embryoid body formation, and chromosomal euploidity of the cells. Our cells showed a hetero-
geneous AP activity similarly to other reports. The cells were able to form simple embryoid bodies during suspension culture and ma-
jority of them showed a normal chromosome number of 60, the euploid chromosomal complement of bovine. Therefore, our data
suggest that CIPA treatment can be safely used for an efficient isolation of ES-like cell lines from bovine blastocysts.
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can contribute to somatic and germinal development when

INTRODUCTION they are introduced into the preimplantation embryos
(Evans & Kaufman, 1981). Thus, ES cells give a feasible
Murine embryonic stem (ES) cells are pluripotent and opportunity to produce transgenic animals by cell-mediated

] ] gene transfer. Actually, ES cells have been widely used for
2 de AlERdA Fadte IR B4 (HS1690)4) . .
dgtoz L3YL the alteration of mouse genotypes. Although genetic ma-
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nipulation of ES cells has great economic advantages of im-
proving growth rates, disease resistance, and body and milk
composition of domestic animals (Stewart, 1991; Wilmut et
al., 1991), the establishment of ES cell lines from these
animals has been relatively less studied than that of murine
ES cells due to several shortcomings such as long gener-
ation time, difficulties in culture and manipulation, etc.
Nevertheless, there have been several reports on the iso-
lation of embryonic cell lines from the embryos of farm
animals including cattle (Simms & First, 1993; Strelchenko
et al., 1991), pig (Evans et al., 1990) and sheep (Notarianni
et al,, 1991).

* Bovine embryonic cell lines can be derived from morula
(Strelchenko and Stice, 1994) and blastocyst stage embryos
(Simms & First, 1993). In the case of blastocyst embryos,
removal of trophectoderm (TE) cells is generally required to
efficiently derive putative ES cell lines in domestic animals.
Anti-serum (Solter & Knowles, 1975) and calcium
ionophore A23187 (CIPA; Onishi & Youngs, 1993) were
generally used to selectively remove TE cells from
blastocysts. Although chemosurgery using CIPA is con-
venient to isolate TE-free inner cell masses (ICMs) vfrom
blastocysts, the treatment conditions such as concentration
and duration have to be carefully controlled because
high-dose and/or long-term treatment may cause a toxicity
on the viability of the isolated ICM cells. There have been
several reports on the isolation of bovine embryonic cell
lines using CIPA-chemosurgery. However, the treatment
conditions and their results were highly variable depending
on the researchers (Onishi & Youngs, 1993; Wada et al.,
1994). Therefore, we designed this experiment to determine
efficient CIPA-treatment conditions capable of supporting
the establishment of pluripotent embryonic cell lines from

in vitro-developed bovine blastocysts.
MATERIALS AND METHODS

1. Preparation of blastocysts

Ovaries were collected from cows and heifers at a local
slaughterhouse and were transported to the laboratory in 0.
9% saline at 30 to 35°. The oocytes were recovered from 2

to 5 mm follicles with 18-gauge needle attached to a 10 ml
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syringe. The oocytes were cultured in TCM199 supple-
mented with 10% (V/V) heat-inactivated fetal bovine serum
(FBS), 1 pug/ml estradiol and 1 pg/ml FSH-P™ in a
four-well multidish at 39°C, 5% CO; in air for 22 to 24 h.
Then oocytes were fertilized with sperm separated by
Percoll Gradient centrifugation in 50 pl droplet of modified
Tyrode-Lactate medium (Batvister & Yanagimachi, 1977)
containing 2 pg/ml heparin, 20 xM penicillamin, 10 M
hypotaurine, and 1 ¢M epinephrine. After 18 h of insemi-
nation, the embryos were vortexed to partially remove the
cumulus cells and cultured in 50 ul droplet of CRlaa me-
dium (Rosenkrans & First, 1991; Rosenkrans et al., 1993)
supplemented with 3 mg/ml bovine serum albumin for 2
days. Cleaved (2- to 8-cell) embryos were transferred onto
mitomycin  C-inactivated mouse embryonic fibroblasts
(MEF) in the CRlaa medium supplemented with 1 mM
glutamine, 1X Eagle’s essential amino acids solution
(GibcoBRL), and 10% FBS.

2. Treatment of CIPA

Expanded or hatched blastocysts developed in vitro were
washed once in Ca?*- and Mg?*-free phosphate buffered
saline. The blastocysts were treated with 50 or 100 zM of
CIPA for 25 or 50 min at 39°C. Degraded TE cells were re-
moved by pipetting with finely-pulled Pasteur pipette under
dissecting microscope. In case of blastocysts with zona
pellucida, the zona was mechanically removed by using of
25-gauge syringe needle. The blastocysts were vigorously
blown out to the blade of syringe needie located in the edge
of pipette in order to make a slit in the zona pellucida.
ICM without TE cells could be extruded out through the
slit by vigorous pipetting. The isolated ICMs were trans-
ferred onto mitotically-inactivated MEF feeder layer in
4-well multidish to facilitate attachment and subsequent

proliferation.

3. Culture conditions of ICMs

After further 2~4 days of culture the proliferated embry-
onic cells were dislodged and physically torn to small
masses using two syringes with 25-gauge needle for
subculture. Subsequent subculture was performed at every

5~10 days. The culture medium was Dulbecco’s modified
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Eagle’s medium (DMEM, GibcoBRL) containing 20%
ES-qualified FBS (GibcoBRL), 0.1 mM of #-mercaptoe-
thanol, 1X non-essential amino acids (GibcoBRL), 103
units of leukemia inhibitory factor (GibcoBRL), 20 pg/ml
of insulin (Sigma) and 1X antibiotics (GibcoBRL).

4. Characterization of bovine embryonic cells
The following analyses were preformed using bovine
ES-like cells cultured over 10th passages to evaluate their

pluripotency.

1) Alkaline phosphatase (AP) staining
AP activity of ES-like cells was determined by using AP
diagnostic kit (Sigma) containing TR-red reagent according

to manufacturer’s instruction.

2) Karyotype analysis

After treated with 0.1 pg/ml of colcemid for 24 h, ES-like
cells were trypsinized to single cell suspension. Recovered
cells were treated with a hypotonic solution of 0.56% KCl
for 20 min, fixed with ice-cold methanol/glacial acetic acid

(3:1), and then spread onto clean glass-slide.

3) Induction of differentiation

To test differentiation potency of bovine ES-like cells by
suspension culture, the trypsinized cells were allowed to at-
tach on the culture dish for 1 h. Then the bovine ES-like
cells could be recovered from the medium because MEF
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anchored more quickly on culture dish than bovine embry-
onic cells did. The isolated ES-like cells were suspended
into bacteriological petri dish to induce differentiation.
After 8 days cultivation appearance of embryoid bodies was

examined microscopically.
RESULTS

The colonization rates of blastocysts treated with 100 .M
CIPA (15.4 and 4.4% in group I and IV, respectively) were
markedly lower than that of 50 M CIPA-trecated groups
(51.2 and 47.6% in group I and I, respectively) regardless
of treatment time (Table 1). In 100 M CIPA-treated
groups, moreover, the detrimental effect of CIPA was re-
markable in the long time-treated blastocysts (group IV), in
which only 4.4% of them could colonize. These results
suggest that the toxicity of CIPA affected directly on the vi-
ability of blastocysts in a dosage- and time-dependant man-
ner. However, it was not clear whether the detrimental ef-
fect of CIPA was caused by delivering to ICM via leaky
tight junctions among TE cells (Prelle et al., 1996) or after
TE degradation. In -treated group I and I, a considerable
proportions of ICMs colonized, but there was no significant
difference between 25 min- and 50 min-treated groups (51%
vs. 48%, respectively). However, the overall establishment
rate of the embryonic cell lines undergone more than 10
passages was two times higher in the 25 min-treated group
than in the 50 min group (4.8% vs. 2.4%, respectively).

Table 1. Effects of CIPA concentration and incubation time for the isolation of bovine ES-like cells from blastocysts

No. of ICMs survived through the subsequent passages? (%)

CIPA treatment
Trt. Conc re;igzn No. of No. of ICMs Establishment
groups /;M) (min) blastocysts colonized(%) 1 2 3 4 5 6 7 8§ 9 10 rate 3(%)
39 31 18 10 8 6 6 6 5 4
I 50 e 8 BEY (g0 720 W2 23 (19 14 149 (14) (12) () 48
7 3 0
i 100 25 91 14 (15) (50) (21) (0) -
3% 15 9 7 5 5 5 4 3 2
. 00 82 WU (gn) (38) (23) (18) (13) (13) (13) (10) (8) (5) 2.4
N 100 50 68 3 ( 4) (313) ((())) -

! Colonization rate = no. of ICMs colonized / no, of blastocysts used
2 Survival rate = no. of ES-colony pools survived / no, of ICMs colonized

3 Establishment rate = no. of ES-colony pools survived up to 10 passages / no, of blastocysts used
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Therefore, these results showed that blastocysts treated with
50 M CIPA for 25 min could most efficiently develop to
embryonic cell lines in this experiment.

We also investigated the survival rate of embryonic cells
in each passage throughout successive 10 passages.
Although the survival rates of cultures were continuously
reduced throughout the passages, a prominent reduction oc-
curred during early passages. In group [l especially, a re-
markable reduction occurred during second passage and
thus the subsequent survival rates from 2nd to 10th passage
were not different from those in the group I (2/15 vs. 4/31,
respectively). It demonstrates that the toxicity of CIPA
treatment is evidently revealed in the starting part of estab-
lishment periods. Next, we compared the viability of
CIPA-treated blastocysts with that of untreated TE-intact
blastocysts to evaluate the effectiveness of CIPA treatment
for establishing embryonic cell lines (Table 2).

In blastocysts treated with 50 M CIPA for 25 min,
colonization rate was five times higher than that of intact
blastocysts (50% vs. 10%). In addition, CIPA treatment did
not show a detrimental effect on the subsequent viability of
the colonized embryonic cells because the same proportions
of colonized ICMs developed to embryonic cell lines be-
tween two groups (5/20 and 1/4, respectively). It means that
CIPA treatment conditions defined in this study were highly

effective for establishing ES-like cell lines without apparent

toxicity of CIPA. Thus, it is essential to remove TE cells
from blastocysts for an efficient colonization.

Finally, we examined alkaline phosphatase (AP) activity,
capability of embryoid body formation, and euploidism
using three ES-like cell lines established independently from
CIPA-treated blastocysts. Our ES-like cell lines showed a
heterogeneous AP activity (data not shown). The hetero-
geneous AP activity may be caused by technical difficulty in
subculture of embryonic cells at every passage. During split-
ting ES-like cell colonies, it was difficult to separate the cell
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mass to single cells by trypsinization because they are
tightly associated with each other. Because, in addition,
single cells passaged with the use of trypsin could not pro-
liferate or became frequently committed to differentiation,
bovine ES-like cells were passaged by a mechanical splitting
to small cell masses without a trypsinization. For these
reasons, our cell lines may be a mixed cell population with
different AP activity. Therefore, we could not conclude
whether this heterogeneous AP activity of our ES-like cells
came from a intrinsic character of bovine ES-like cells or
from heterogeniety in cell populations. We also checked the
capability of the ES-like cells for the formation of embryoid
body because it is well known as one of the representative
characteristics of pluripotent embryonic cells. Expectedly,
all the three ES-like cell lines were capable of forming
simple embryoid bodies during suspension culture on bac-
teriological petri dish (Fig. 1). We then examined the
chromosomal euploidity of the cell lines by karyotyping
(Table 3). The percentages of embryonic cells showing a
normal euploidity were 74.5, 79.2 and 68.1% in each cell
line and they all showed male genotype (58, XY). Conse-
quently, these results demonstrated that these cell lines have
an in vitro pluripotency and that our chemosurgery treat-
ment can be safely used to isolate ES-like cell lines from

bovine blastocysts.
DISCUSSION

In this report, we demonstrated the usefulness of
CIPA-mediated chemosurgery to remove TE cells from in
vitro-produced bovine blastocysts for the establishment of
ES-like cell lines: The blstocysts treated with 50 M CIPA
for 25 min were efficiently developed to embryonic cell lines
without loss of the pluripotency.

Removal of TE cells is an essential step for establishment
of ES-like cell lines from bovine blastocysts without further

Table 2. Effect of CIPA treatment in the establishment of bovine ES-like cell lines

No. of embryonic cell

: 0,
Treatments No. of blastocysts used No. of ICMs colonized (%) lines established *(%)
Intact blastcysts 38 4 (10.5) 1(26)
CIPA 50 M 20 min 40 20 (50.0) 5 (12.5)

* Establishment rate = no. of ES-like cell lines established / no. of blastocysts used
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Fig. 1. Differentiation ability of bovine ES-like cell
lines in vitro. a, bovine ES-like cells grown on MEF feeder
layer; b, embryonic bodies differentiated during suspension
culture for 8 days

differentiation. For this reason, immunosurgery or chem-
osurgery was frequently used in TE-removal step. It was
reported that while CIPA chemosurgery could remove TE
cells from bovine blastocysts at a higher rate than
immunosurgery could, the subsequent proliferation was
more stable in the immunosurgically isolated ICMs (Prelle
et al., 1996). Since we had preliminarily experienced that
immunosurgery resulted in an inefficient proliferation of
isolated ICMs and its procedure was more complex than
that of chemosurgery, CIPA was preferentially used to de-
velop bovine presumptive ES cell lines after optimization of
the treatment conditions.

One of the distinguished property of bovine ES-like cells
was that individualized cells were not able to colonize and
apt to differentiate (Saito et al., 1992). Trypsinization has
been successfully used for the subculture of murine ES cells
(Evans & Kaufman, 1981). Some researchers have reported
successive subculture of bovine (Van Stekelenburg-Haers et
al, 1995) and rabbit pluripotent ES cells (Graves &
Moreadith, 1993) by trypsinization. However, many
attempts using trypsin to passage ES-like cells have led to
cell differentiation in cattle (Saito et al., 1992) and rabbits

Table 3. Karyotype analysis of ES-like cell lines
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(Giles et al., 1993). We had attempted to apply trypsin-
ization to the passage of primary bovine ES-like cells, but it
induced differentiation or no colonization of the cells.
Therefore, bovine embryonic cell masses were passaged by
tearing into small clumps. From this technical difficulty in
subculture, we could not define whether the heterogeneous
AP activity of our ES-like cell lines is an intrinsic property
of bovine ES cells or not. The AP activity has been found
in most pluripotent or presumptive ES cell lines of mice
(Robertson, 1987), sheep (Tsuchiya et al, 1994) and pigs
(Talbot et al, 1993) except in undifferentiated bovine
ES-like cell lines (Polejaeva et al,, 1995). Although entire
AP activity of ES-like cell lines (Hamano et al., 1996) was
reported, it was a result from ES-like cells after S5th
passages. AP activity of our ES-like cells undergone 10
passages showed the heterogeneity in AP activity. There
was a same result showing heterogeneous AP activity in
presumptive bovine ES-like cell lines (Van Stekelenberg-
Haers et al., 1995). Therefore, AP activity can not be a
critical marker for discerning putative ES-like cells in cattle.

The normal chromosome complement and in vitro
pluripotency will provide the bovine ES-like cells with a po-
tential usefulness for developmental gene function study
and embryology. Moreover, as these cell lines are able to
provide an elite route for introducing a foreign gene into
the genome of mammals, the potential of pluripotent bov-
ine embryonic cells may be considerable. To introduce a
foreign gene into the genome of putative ES cells, DNA-in-
troduction method must be improved. Although germ line
chimaeric fetuses were produced from DNA-injected bovine
ES cells (Cibelli et al., 1997), the direct injection is a labori-
ous and inefficient method. It was reported that viable bov-
ine and sheep transgenic offspring could be derived from
stably-transfected fetal fibroblasts by nuclear transfer
(Cibelli et al., 1998; Schnieke et al., 1997). Therefore, pro-

vided a scheme for introducing a gene of interest into the

Chromosome count (%)

Cell lines K types No. of passa
ell line aryotyp 0 o} ges 59 60 61
KB-1 Male 10 7 (14.9) 35 (74.5) 5 (10.6)
KB-2 Male 10 8 (15.1) 42 (79.2) 3 (5.7)
KB-3 Male 10 9(19.1) 32 (68.1) 6 (12.8)
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bovine embryo-derived cells, ES-like cells will be another
useful cell vector for the production of transgenic animals.
Presently, we have the schedule to carry out nuclear trans-
plantation and blastocyst injection in order to determine
full potency of the ES-like cell lines and to investigate the
possible approaches for gene introduction into genome of

bovine embryonic cells.
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